Summary. 
Introduction
The presence of prostaglandins (PGs) in Day-6 rabbit blastocysts was first described by Dickmann & Spilman (1975) . Since that time many investigators have confirmed this observation and enlarged the original findings to include blastocysts of different ages (Dey et ai, 1980; Sharma, 1980; Pakrasi & Dey, 1982;  Racowsky & Biggers, 1983; Harper et al., 1983; Kasamo, 1985; Kasamo et al., 1986) , and of other species (Shemesh et ai, 1979; Marcus, 1981; Lewis et ai, 1982; Hyland et ai, 1982; Davis et ai, 1983; Hwang et al., 1988) . Many of these studies relied on radioimmuno-assay of PGs released into the medium during in-vitro culture or of PGs found in the blastocyst itself. Such data do not provide direct evidence for de-novo synthesis of PGs by the blastocysts, since they could be measuring PGs accumulated from and then released into the external environment. It is known that rabbit blastocysts can accumulate PGs from their environment, and that this facilitated diffusion is non-saturable (Jones & Harper, 1984; .
Indirect evidence for the synthesis of PGs by blastocysts has been provided by experiments in which blastocysts cultured in the presence of cyclooxygenase inhibitors subsequently failed to hatch (Biggers et ai, 1978 (Biggers et ai, , 1981 Hurst & MacFarlane, 1981) . Only a few studies, however, have demonstrated direct conversion of radiolabelled substrate to radiolabelled product. In order to demonstrate conversion of exogenous [3H] arachidonic acid by either mouse or rabbit blastocysts, Racowsky & Biggers (1983) prelabelled the phospholipid pool with radiolabelled arachidonic acid for 4 h, and then induced release, with a calcium ionophore, of the incorporated, labelled arachidonic acid, which was converted to PGE-2, PGD-2, PGF-2a and thromboxane B-2. Lewis et al. (1982) were, however, able to demonstrate direct conversion of [3H] arachidonic acid to PGE-2, PGF-2a and 13,14-dihydro-15-keto-PGF-2a by late stage bovine blastocysts. Kasamo (1985) and Kasamo et al. (1986) showed that conversion of [14C] arachidonic acid to radiolabelled PGF-2a, but not to PGE-2, was achieved in 1 h by blastocysts in the presence of 10" 3m-adrenaline.
In preliminary studies, we were unsuccessful in obtaining conversion of radiolabelled arachi¬ donic acid to PGs by Day-6 rabbit blastocysts with any consistency. The present paper describes our recent experiments, in which positive and repeatable results have been achieved by the addition of ethylene diamine tetra-acetic acid (EDTA) to the incubation medium. A preliminary account of this material has been presented (Harper et al., 1987) . The results obtained with incubations including atropine and carbachol are also reported, since previous studies had indicated the presence of specific cholinergic-muscarinic binding sites on Day-6 rabbit blastocysts . Activation of such sites would be expected to increase the release of endogenous substrate from phospholipid pools, and thus reduce utilization of exogenous substrate.
Materials and Methods
Materials. [5,6,8,9,11,12,14,15-'H] Arachidonic acid was obtained from Amersham Corporation (Arlington Heights, IL, USA), and had a specific activity of 218 Ci/mmol. [5, 6, 8, 1 l, 12, 14, -3H]PGE-2 (sp. act. 160Ci/mmol) and [5,6,8,9,1 l,12,14,15-(n) (Mukherjee et al., 1978) to induce superovulation. On Day 0, the donor rabbits were inseminated with 0-5 ml of a mixed sperm suspension collected, via an artificial vagina, from fertile bucks immediately before use and diluted 1:1 with KRB buffer. After insemination, the donor animals were injected intravenously (i.v.) with 50 i.u. hCG. Usually groups of 5-6 animals were inseminated at one time and then killed by an overdose of pentobarbitone sodium on Day 6 of pregnancy, i.e. at 144 h after hCG injection. The uteri were rapidly removed, trimmed of fat, separated into two horns and washed free of blood. The separate horns were flushed gently using 10 ml ice-cold KRB buffer into 60 15 mm Falcon Petri dishes. The blastocysts were then washed 3 times with buffer.
Incubations. All blastocysts of normal appearance were pooled, and then 7-11 blastocysts were selected randomly from the pool and placed in polypropylene tubes in 1 ml of the same buffer, which had been previously bubbled with 95% 02:5% C02. The (Samples et al., 1988) . Losses during extraction were also minimal. However, when these experiments were completed, it was determined (D. R. Samples & J. T. Herlihy, personal communication) that loading more than 250 µ into the sample loop of an injector with a 0-5 ml volume caused a significant loss of sample through the overflow outlet. Since we had routinely loaded 0-4 ml onto the column, we retrospectively determined that our The only significant factor in this 3-way ANOVA was peak (P < 00001). Drug (P = 0-54) and time of incubation (P = 0-66) were not significant. No interactions were significant. One-way ANOVA and SNK tests were then done for each of the 9 separate drug/time intervals (see Table 4 Fig. 2(a) can be contrasted directly with that of a 1-h incubation in the presence of 10 mM-EDTA (Fig. 2b) , since both were from the same experiment. In one experiment with a 2-h incubation period, the effects of different concentrations of EDTA were examined. PG synthesis was similar at concentrations of 10 to 40 mM, but reduced at 5mM (data not shown). Unless otherwise specified, 10 mM-EDTA was included in all subsequent experiments. Apparently, although only very small amounts of radiolabelled products were synthesized in the absence of EDTA, significantly more radioactivity was in the peak eluting with PGF-2a and correspondingly less in that for PGE-2 than when EDTA was present. In the presence of EDTA, the radioactivity was almost equally distributed between PGF-2a and PGE-2. Pilot experiments showed that addition of lOmM-EGTA to the incubation medium was much less effective than EDTA in permitting utilization of the radiolabelled substrate (data not shown). Quinacrine (01 mM), an inhibitor of phospholipase A2 activity (Albert & Snyder, 1983) , added to the incubation medium was without effect (data not shown). 27-0 ± 6-8 34-8 ± 3-9 4-4 ± 2-3* 10-2 ± 9-0* Pooled data from 3 incubations at 1 h and 3 at 2 h at 37°C. = radiolabelled PGs was also inhibited, despite the presence of EDTA (Table 3 ). The exogenous radioinert arachidonic acid reduced the utilization of the radiolabelled arachidonic acid to undetectable levels. Fig. 2(b) . The summarized results from these experiments are shown in Table 4 . Only 3 peaks were significantly (P < 0025) above background. There were no differences between the peak heights as a function of incubation time. Peaks I and II did not differ significantly among periods of incubation. Peak III was only significantly lower (P < 005) in the 1-h incubation, while the % of d.p.m. as 'remainder' were similar to those in Peaks I, II and III. The first two peaks (I and II) 33-1 ± 2-6" 28-9 + 3-9"
33-3 ± 1-8" 9-3 + 2-7" 13-3 ± 3-6" Incubations with atropine and carbachol. In the presence of EDTA, very similar results were obtained when 015 mM-atropine (dissolved in buffer) was added to the incubation (Table 4) . Three peaks were again observed. Peaks I and II did not differ between themselves, but Peak III was significantly lower than these at the 1-and 3-h incubation times (P < 005). A representative chromatogram for a 1-h incubation is shown in Fig. 3(a) . This should be compared with Fig. 2(b) , and Fig. 3(b) (see below) . The d.p.m./blastocyst averaged~2 0 000, and only about 45% of the radioactivity above background remained in these experiments. These values are somewhat lower, but not significantly so, than those observed in the control experiments (see also Table 4 ).
An essentially similar result was seen with addition of 0· 15 mM-carbachol instead of atropine (Table 4) . Again most of the radioactivity was observed in the same three peaks, although Peaks I and II were significantly higher than Peak III at all three times (P < 005) (Fig. 3b) . There was also a tendency towards lower incorporation of radioactivity/blastocyst than for control or atropinetreated ones, but these differences were not significant (SNK test).
To ensure that the presence of EDTA was not obscuring the action of these compounds, the previous series of experiments was repeated in a limited study with EDTA absent from the incubation medium (Table 5 ). In the absence of EDTA, neither atropine nor carbachol had any effect on the total conversion of [3H]arachidonic acid to products greater than control levels. There was also no effect on the relative levels of the various PG products synthesized. (Bito et al., 1976; Melendez & Reyes, 1982; Jones & Harper, 1984; Jones et al., 1986) . Previous experiments using radiolabelled arachidonic acid had indicated that rabbit blastocysts can synthesize PGE-2, PGF-2a, PGD-2 and thromboxane B-2 (Racowsky & Biggers, 1983) and/or only PGF-2<x as well as some unidentified products (Kasamo et ai, 1986) . In the present experiments, we definitely identified PGE-2 and PGF-2a, and detected a third peak, which could be PGD-2 or a 15-keto PG metabolite. This agrees well with previously reported data on RIA measurements of PGs released from or found in rabbit blastocysts (Dey et al, 1980; Sharma, 1980; Pakrasi & Dey, 1982; Harper et ai, 1983) , with the exception that no 6-keto-PGF-la or thromboxane B-2 was observed. Hwang et al. (1988) showed that cattle embryos at Day 15 to 17 (implantation occurs after Day 18) synthe¬ size PGE-2, PGF-2a and PGI-2 from radiolabelled arachidonic acid. Using RIA, we have measured very low levels of 6-keto-PGF-la (the stable metabolite of PGI-2) in Day-6 rabbit blastocysts, i.e. 004 ± 0-007 ng/blastocyst (Jones & Harper, 1988) . Such low levels may not be detectable by h.p.l.c, although small traces of radioactivity above background were seen in many of the radiochromatograms.
In immature pig oocytes arachidonic acid constituted~7% of the total fatty acids, and was concentrated mainly in triacylglycerol and phospholipids and as free fatty acids (Homa et al., 1986) . Racowsky & Biggers (1983) converted into approximately 1-5 fmol of PGF-2a, PGE-2 and thromboxane B-2/blastocyst in 1 h, rising to about 2 fmol/blastocyst after 3 h incubation. From the information given, it is not possible to calculate the percentage conversion of the radiolabelled substrate. These authors found a slight, but significant, increase in production with time. In the present experiments no such time effect was observed. Approximately 0-14% of the radiolabelled arachidonic acid added to the incubation tube was converted in 1 h to prostanoids. Kasamo et al. (1986) reported a 1-86% conversion of
[14C]arachidonic acid to PGF-2a by rabbit blastocysts in 1 h, but this calculation was made by dividing the radioactivity for this area on the t.l.c. plate "by the total one recovered after the extraction and t.l.c. of 0-5 ml of the medium containing 0-5 µ / of [14C]arachidonic acid. Thus, the conversion rate they report is likely to be overstated. In addition, they added 1 mM-adrenaline to the incubation as a co-factor, and this is known to stimulate PG synthesis by microsomal preparations (Blackwell et al., 1975) and change the proportions of the various PGs synthesized (Samuelsson, 1970) . In general, in the presence of adrenaline or noradrenaline more PGF-2a than PGE-2 is produced (Blackwell et al., 1975; Valenzuela & Harper, 1976) , and this could be an explanation for the failure of Kasamo et al. (1986) to detect PGE-2 in their experiments. The solution used in the present study to elute PGs from the h.p.l.c. column, not only does not elute arachidonic acid, but also does not elute leukotrienes. It cannot therefore be assumed that products of the lipoxygenase pathway are not formed. Indeed, Pakrasi et al. (1985) , using RIA, reported the presence of 5-HETE in Day-6 rabbit blastocysts.
Since others have shown that stimulation of cholinergic-muscarinic receptors causes phospho¬ lipid turnover, release of arachidonic acid and increased PG production (Yousufzai & Abdel-Latif, 1984) , and since we had evidence of specific binding of [3H]quinuclidinyl benzilate (QNB), a ligand for such receptors (Fields et al., 1978) , to rabbit blastocysts , we investigated the effects of atropine and carbachol in the synthesis experiments. Our expectation had been that in the presence of EDTA, when endogenous phospholipids are stabilized, carbachol might be inhibitory and atropine without effect, or stimulatory if endogenous phospholipid turnover could be further reduced. In the absence of EDTA, we hoped that atropine would be stimulatory, and carbachol inhibitory or without effect. In fact, neither compound had any obvious action in either situation, with perhaps the exception that less of the unidentified metabolite was formed in the presence of carbachol. It therefore seems that this failure is due to the lack of neural control of blastocysts, failure of activation or inhibition of QNB binding sites to influence phospholipid turn¬ over in blastocysts or misinterpretation of the significance of the QNB binding previously observed.
